Introduction
============

Presbyopia is the most prevalent form of visual impairment in older people.[@ref1] To correct for this condition, older people are either prescribed separate single lens glasses for distant and near vision or, for convenience, a single pair of multifocal (bifocal, trifocal, or progressive lens) glasses. Multifocal glasses have benefits for tasks that require changes in focal length, including everyday tasks of driving, shopping, and cooking. However, multifocal glasses also have disadvantages. The most common type of multifocal glasses---bifocal glasses---have optical defects, such as prismatic jump at the top of the reading segment, which causes an apparent displacement of fixed objects.[@ref1] [@ref2] The lower lenses of all types of multifocal glasses blur distant objects in the lower visual field, and this factor in particular may represent an important problem for older people.[@ref2] [@ref3]

Multifocal glasses have been shown to impair distant depth perception and contrast sensitivity.[@ref4] Three recent studies in older people have found that multifocal glasses impair step negotiation and accuracy of foot placement when stepping on to a raised surface or negotiating an obstacle course.[@ref5] [@ref6] [@ref7] Other studies have reported that wearing multifocal glasses increases the risk of trip incidents and falls in older people.[@ref4] [@ref8] [@ref9] In particular, wearers of multifocal glasses have a high risk of falls when outside their homes and when walking up or down stairs.[@ref4]

Two previous randomised controlled trials have evaluated the efficacy of visual interventions that have provided updated glasses as the primary intervention. The first, involving 1090 participants aged 70 years and over, found that an intervention comprising a referral to an eye care provider resulted in only a 4% reduction in the rate of falls over one year.[@ref10] The second found that an intervention involving comprehensive assessment of vision and subsequent treatment for identified eye problems significantly increased the rate of falls by more than 50% in the intervention group.[@ref11] The authors concluded that the intervention group participants might have needed more time to adapt to their updated prescriptions or new glasses or may have adopted more risk taking activities and thus increased the exposure to falls after their improvement in vision. Neither intervention involving updating glasses aimed to restrict the use of multifocal glasses; in not doing so, they may have left an important risk factor unaltered.

The primary aim of the Visual Intervention Strategy Incorporating Bifocal and Long-distance Eyewear (VISIBLE) randomised controlled trial was to determine whether the provision of single lens distance glasses to older wearers of multifocal glasses, with counselling about optimal use when taking part in hazardous activities, could reduce rates of falling.

Methods
=======

Participants
------------

We recruited participants for the trial between May 2005 and June 2007. Participants were eligible if they were community dwelling and at a relatively high risk of falls, defined as either age 80 years and over or aged 65 years and over and having had either a fall in the previous 12 months or a timed up and go test score of at least 15 seconds; used bifocal, trifocal, or progressive lens glasses at least three times a week when walking outdoors; had been reviewed by an optometrist or ophthalmologist in the previous 24 months; did not currently use single lens distance glasses; and indicated that they were at least "quite or very confident" that they could comply with the study recommendations. The sample size calculation, based on a 23% reduction in the rate of falls in the intervention group with 80% power and a significance level of 5%, indicated that we needed 580 participants (290 per group). Full details of the inclusion criteria and methods are reported in the VISIBLE study protocol paper.[@ref12]

Initial assessment
------------------

The figure[](#fig1){ref-type="fig"} shows the flow of participants in the trial. After the study aims were explained, participants who indicated that they could confidently manage to wear two pairs of glasses gave informed consent and had subsequent assessments of vision and physical functioning before randomisation into the study.

![Flow of participants through study](harm745802.f1_default){#fig1}

Randomisation procedure
-----------------------

After the initial assessment, research personnel (MK and MP) randomised participants to the intervention or control group, with stratification by recruitment site and source of referral (hospital *v* community). Each stratum was randomly allocated in permuted blocks of 10 generated externally (by JS) by using sequentially numbered opaque envelopes containing group assignment.

Intervention
------------

Participants in the intervention group had an examination by an optometrist, which included measurement of objective refraction. They were then prescribed a pair of single lens distance glasses. For intervention group participants who had a significant change in distance correction since their most recent prescription, updated multifocal lenses were provided. The distance component of the updated multifocal correction was then used for the prescription of new single lens distance glasses, making the transition between the two types of glasses easier. For intervention group participants who did not need an update of multifocal lens prescription, the correction for the single lens glasses was matched with the prescription of the distance segment of their current multifocal glasses.[@ref12] To reduce outdoor glare, participants were encouraged to accept transition lenses that become darker in sunlight for their new distance glasses or, if this was unacceptable, a tint of less than 30% or a graduated tint.

Participants received their glasses at a second visit. An optometrist demonstrated how multifocal glasses can impair visual abilities needed for detecting obstacles and judging depth.[@ref4] [@ref12] Participants were also shown photographs of hazardous street and step scenes with and without simulated lower field blur to reinforce why multifocal glasses may increase the risk of falls.[@ref12]

The optometrist then instructed participants to use their new single lens glasses for most walking and standing activities, and in particular when taking part in the following activities: walking up or down stairs outside the home, walking in the street and at shopping centres, walking or standing in other people's homes and unfamiliar buildings, negotiating rough or uneven ground, and alighting from public transport. Use of multifocal glasses was not discouraged for seated tasks that need frequent changes in focal length such as driving and standing and walking tasks that require changes in focal depth where risk is minimal (such as cooking and walking in the home and selecting items in the supermarket). Intervention group participants were also provided with a booklet and reminder cards (with instructions on appropriate use of glasses) and a glasses cord or cloth glasses holder that could be worn around the neck or placed in the participant's pocket to aid in the swapping of glasses.

Participants in the control group had the same optometrist's examination as those in the intervention group. Participants who needed a prescription change were provided with updated multifocal lenses at a second visit without specific advice on the use of their glasses.[@ref12] No other fall prevention interventions, including strength and balance training, were offered to either the intervention or control participants.

Outcomes
--------

The primary outcome measure was the number of falls in the 13 month follow-up period after randomisation (an average of 12 months' further follow-up after the receipt of glasses). We defined falls as "unintentionally coming to the ground or some lower level and other than as a consequence of sustaining a violent blow, loss of consciousness, sudden onset of paralysis as in stroke or an epileptic seizure"[@ref13] and assessed them with monthly calendars and follow-up telephone calls as required. Injurious falls were those that resulted in fractures, dislocations, and organ and soft tissue trauma. Research personnel who received falls calendars, made follow-up phone calls, and entered data were blinded to group allocation.

Secondary outcome measures included physical activity levels, fear of falling (falls efficacy), and quality of life assessed at baseline and 12 months. These measures were included to determine whether, as a result of fewer falls, the intervention had beneficial effects on an older person's abilities and quality of life. Physical activity levels were self reported using the Adelaide activities profile.[@ref14] Physical and mental health were assessed with the SF-12.[@ref15] Falls efficacy was assessed with the falls efficacy scale---international.[@ref16]

Adherence and adverse events
----------------------------

We measured participant reported adherence monthly in the intervention group (in months two to 13). The primary measure was the number of months in which adherence to the recommendation on wearing single lens distance glasses was followed most or all of the time when walking in the street or in shopping centres. Adverse effects such as non-falls injuries and falls occurring as a result of switching from single lens to multifocal glasses or vice versa, as well as healthcare resource use, were recorded on falls calendars.

Statistical analysis
--------------------

The primary analyses were by intention to treat. We analysed the number of falls per person by using negative binomial regression to estimate the difference in rates of falls between the two groups. We did three pre-planned subgroup analyses using a test for statistical interaction.[@ref17] We assessed whether the effect size of the intervention differed according to baseline physiological falls risk (\<1 *v* ≥1),[@ref18] number of participant reported falls in the previous year (0-1 *v* ≥2), and baseline physical activity levels (using above or below median summed scores for the nine Adelaide activities profile outdoor activity items 8-11 and 19-21: household shopping, personal shopping, light gardening, heavy gardening, social activities, attending religious services/meetings, outdoor activities, sporting/recreational activities, and walking outside).[@ref14] In a final pre-planned analysis we assessed the effect of the intervention on the site of fall by separately analysing the effect of the intervention on participants' falls beyond their own home, including their own yard, as the outcome of interest. We used analysis of covariance with adjustment for baseline scores to assess the effect of group allocation on the continuously scored secondary outcome measures. We used the SPSS and Stata computer programs for all analyses.

Results
=======

Baseline characteristics
------------------------

Table 1[](#tbl1){ref-type="table"} shows the baseline demographic, cognitive, health, activity, and physical performance characteristics of the 606 participants. The groups were similar, although the intervention group (n=305) contained more men and performed better in the timed up and go test.

###### 

 Characteristics of participants in intervention and control groups at entry to study. Values are numbers (percentages) unless stated otherwise

                                                  Intervention (n=305)   Control (n=301)
  ----------------------------------------------- ---------------------- -----------------
  **Demographic factors**                                                
  Mean (SD) age (years)                           79.4 (6.4)             80.3 (6.8)
  Men                                             119 (39)               94 (31)
  **Multifocal lens type**                                               
  Bifocal                                         192 (63)               173 (57)
  Progressive                                     66 (22)                79 (26)
  Trifocal                                        26 (9)                 33 (11)
  Two or more types                               20 (7)                 14 (5)
  **Medical conditions**                                                 
  Mean (SD) mini mental state examination score   28.5 (1.5)             28.6 (1.4)
  Two or more falls in previous year              117 (38)               106 (35)
  Stroke                                          22 (7)                 24 (8)
  Parkinson's disease                             7 (2)                  3 (1)
  Heart disease                                   74 (24)                66 (22)
  Arthritis                                       169 (55)               173 (57)
  Diabetes                                        56 (18)                52 (17)
  **Drug use**                                                           
  Four or more drugs                              188 (62)               208 (69)
  Psychotropic drugs                              62 (20)                68 (23)
  **Vision and physical function**                                       
  Mean (SD) visual acuity (MAR)                   1.40 (0.54)            1.54 (0.98)
  Mean (SD) edge contrast sensitivity (dB)        20.8 (2.0)             20.6 (2.2)
  Mean (SD) depth perception (cm error)\*         3.1 (3.4)              3.3 (4.5)
  Mean (SD) sit to stand five times test (s)      16.4 (9.6)             15.3 (2.0)
  Mean (SD) timed up and go test (s)              12.8 (6.7)             14.8 (8.3)
  Mean (SD) PPA fall risk score                   0.69 (1.09)            0.78 (1.12)

MAR=minimum angle resolvable in minutes or arc; PPA=physiological profile assessment.

\*Error in aligning rods in Howard-Dohlman test.

Intervention adherence and subject retention
--------------------------------------------

The median time to the second glasses dispensing visit was 28 (interquartile range 19-43) days for the intervention group and 29 (14-53) days for the control group. Twenty-seven (9%) intervention group participants and 30 (10%) control group participants were provided with updated multifocal glasses at these visits.

Two hundred and seventy five (90%) intervention group participants received their single lens glasses within two months of randomisation. Nine intervention participants did not receive single lens glasses, two owing to diagnosed eye disease, one owing to dementia, and six owing to logistical difficulties. Thirty-five participants received additional counselling and support including follow-up telephone calls (n=24), replacement glasses (n=8), additional cords, glasses cases, reminder cards or "glasses use" information leaflets (n=8), and counselling sessions with optometrists (n=3).

The median number of months that the intervention participants reported satisfactory adherence with the recommendations for wearing single-lens glasses when walking in the street or in shopping centres was 7 (2-11) months. Ninety-six (32%) of 299 participants adhered for 0-3 months, 41 (14%) for 4-6 months, 40 (13%) for 7-9 months, and 122 (41%) for 10-12 months. Two control group participants purchased distance glasses during the follow-up period.

By the end of the 13 month intervention period, 47 participants had withdrawn from the trial (28 from the intervention group and 19 from the control group), giving completion rates of 90% and 94%. The figure[](#fig1){ref-type="fig"} shows the reasons for non-completion. The five deaths were unrelated to the intervention.

Effect of intervention on falls
-------------------------------

Table 2[](#tbl2){ref-type="table"} shows rates of falls and the number and proportion of intervention and control group participants who reported falls, falls outside the home, and injurious falls within the 13 month trial period; 299 intervention and 298 control participants completed one or more falls calendars. Blinding was maintained well throughout the study, although occasionally participants inadvertently revealed their group status (that is, mentioned new glasses) when research personnel made follow-up calls as part of the falls surveillance. In the 597 participants who completed calendars, fall rates did not differ significantly between the groups. In subgroup analysis, we found no differences in fall rates by baseline physiological falls risk (P=0.31) or number of reported falls in the previous year (P=0.19).

###### 

 Falls, outside falls, and injurious falls in 13 month trial period

                           Intervention              Control   Incidence rate ratio (95% CI)                                           
  ------------------------ -------------- ---------- --------- ------------------------------- -- ----- ---------- ----- ------------- ---------------------
  **All falls**                                                                                                                        
  Overall                  299            170 (57)   461       1.54 (2.40)                        298   175 (59)   496   1.66 (3.04)   0.92 (0.73 to 1.16)
  Low AAP level            151            93 (62)    274       1.81 (2.75)                        185   107 (58)   252   1.36 (1.68)   1.29 (0.95 to 1.75)
  High AAP level           148            77 (52)    187       1.26 (1.96)                        113   68 (60)    244   2.16 (4.41)   0.60 (0.42 to 0.87)
  **Outside falls**                                                                                                                    
  Overall                  299            139 (46)   197       0.83 (1.19)                        298   124 (42)   192   0.85(1.57)    1.00 (0.78 to 1.28)
  Low AAP level (n=342)    151            77 (51)    102       0.92 (1.25)                        185   66 (36)    76    0.59 (1.00)   1.56 (1.11 to 2.19)
  High AAP level (n=264)   148            62 (42)    95        0.74 (1.13)                        113   58 (51)    116   1.26 (2.15)   0.61 (0.42 to 0.87)
  **Injurious falls**                                                                                                                  
  Overall                  299            121 (40)   224       0.75 (1.47)                        298   130 (44)   235   0.79 (1.25)   0.96 (0.74 to 1.24)
  Low AAP level            151            65 (43)    138       0.91 (1.84)                        185   77 (42)    126   0.68 (1.02)   1.34 (0.96 to 1.88)
  High AAP level           148            56 (38)    86        0.58 (0.92)                        113   53 (47)    109   0.96 (1.53)   0.62 (0.42 to 0.92)

Excludes nine participants with less than one month of follow-up.

AAP=Adelaide activities profile; low\<median subtotal of 15 for outside activities; high≥median subtotal of 15 for outside activities.

\*Number and percentage of participants who fell at least once in follow-up period.

†Falls per person over 13 month follow-up period.

Significant interactions were evident between the intervention and self reported baseline outdoor activity levels (assessed with the Adelaide activities profile) for the outcomes of all falls, falls outside the home, and injurious falls (P\<0.001). In more active participants with Adelaide activities profile subtotals for outdoor activities above the median of 15, intervention group participants had significantly lower rates of all falls, falls outside the home, and injurious falls. In this subgroup, the numbers needed to treat to prevent one fall, one outdoor fall, and one injurious fall within 12 months were 1.1, 1.9, and 2.6. In contrast, in those who had Adelaide activities profile outdoor subtotal scores less than or equal to the median, intervention group participants had a non-significant increase in all falls and injurious falls and a significant increase in falls outside the home; the number needed to harm was 4.5. Sixteen (5%) intervention group participants had one or more fall related fractures compared with 10 (3%) control participants (χ^2^=1.43, df=1, P=0.23). In the intervention group, fall rates did not differ significantly among participants categorised into quarters of self reported adherence (P=0.60).

Regardless of outdoor Adelaide activities profile subtotals, we found no significant differences between the two groups in fall related usage of general practitioner (P=0.15), outpatient specialist (P=0.83), emergency department (P=0.66), or inpatient hospital resources (P=0.63).

Secondary outcome measures
--------------------------

Table 3[](#tbl3){ref-type="table"} shows the baseline and 13 month re-test scores for physical activity levels, falls efficacy, and quality of life measures for the intervention and control groups. We found no statistically significant between group differences for any of the secondary outcome measures at the end of the intervention after adjustment for baseline scores. No significant differences were evident when we did analyses relating to the secondary outcome measures for the Adelaide activities profile subgroups.

###### 

 Secondary outcome variables at baseline and 13 month re-test. Values are means (SDs)

  Measure                                Intervention                Control   P value                   
  -------------------------------------- -------------- ------------ --------- ------------ ------------ ------
  Falls efficacy scale---international   26.7 (8.1)     27.2 (9.4)             28.1 (9.4)   28.2 (9.8)   0.27
  Adelaide activities profile            36.9 (9.6)     35.1 (8.8)             34.1 (8.8)   36.5 (8.9)   0.17
  SF-12 physical component score         44.3 (9.1)     43.4 (9.2)             43.4 (9.4)   43.0 (9.7)   0.79
  SF-12 mental component score           54.3 (6.6)     53.6 (7.4)             54.5 (6.7)   54.1 (5.6)   0.47

Adverse events
--------------

Two intervention participants and one control participant reported a fall while switching glasses. No intervention participants reported wearing single lens distance glasses when they had a fall related fracture: one reported wearing reading glasses, 12 multifocal glasses, and three no glasses; in two cases what type of glasses were worn, if any, was not clear. In the control group, nine participants reported wearing multifocal glasses and two reported wearing no glasses when a fall related fracture occurred; in one case what type of glasses were worn, if any, was unclear. Seventy-seven (26%) intervention participants had one or more non-fall injuries (laceration, lifting or twisting injury, burn/scald, eye injury, collision, pedestrian injuries) compared with 51 (17%) controls (χ^2^=6.61,df=1, P=0.01).

Discussion
==========

With appropriate counselling, provision of single lens glasses for older wearers of multifocal glasses who take part in regular outdoor activities is an effective falls prevention strategy. Multifocal glasses have been shown to impair balance and increase the risk of falls in several studies.[@ref4] [@ref5] [@ref6] [@ref7] [@ref8] [@ref9] The blanket recommendation to avoid wearing them when walking would also often remove the correction of distance refractive error and subsequently increase the risk of falls in many older people.[@ref3] Thus, the fall prevention strategy used in this study was to supplement the use of multifocal glasses with an additional pair of single lens distance glasses for wearing when in outdoor and unfamiliar settings.

Intervention effect in relation to level of outdoor activity
------------------------------------------------------------

We found that total falls in the intervention group were reduced by 8% compared with the control group. Although this study was powered to detect a reduction in total falls, the lack of statistical significance is perhaps not surprising given that the intervention focused on outdoor activities and was therefore unlikely to have reduced indoor falls (47% of all falls). Also, the intervention had generally opposite effects on different subgroups according to Adelaide activities profile outdoor activity subtotals. Consequently, all falls, falls outside the home, and injurious falls were significantly reduced in intervention group participants who often left the home, a finding consistent with the rationale of the study.

In participants who left their homes less often, outside falls increased significantly. This is consistent with the findings of Cumming et al[@ref11]; although no interactions existed between the intervention and the physiological fall risk score or previous falls, this may indicate that more cloistered (perhaps frailer) older people were less likely to benefit from a predominantly outdoor intervention and found the complication of adapting to additional glasses confusing. That the intervention generated false confidence and risk taking is also possible. However, we found no indication that falls occurred at the time of switching between multifocal and single lens distance glasses. The intervention did not influence the secondary outcome measures, indicating that the intervention did not increase physical activity or improve quality of life through fewer falls.

Adherence and adverse events
----------------------------

Adherence to the intervention was reasonable, particularly for an intervention that is less convenient than usual practice---that is, wearing a single pair of glasses. We suggest that this adequate adherence would not have been achieved without the assessment of self efficacy for the use of two pairs of glasses before randomisation and the initial counselling session. The counselling session took place in line with the health belief model,[@ref19] and it was important for convincing older wearers of multifocal glasses that they were personally at risk of fall related injuries and that the benefits of periodically switching to single lens glasses outweighed the inconvenience. Follow-up phone calls and follow-up sessions with the optometrist were provided for some intervention group participants who reported poor early adherence, but routine follow-up sessions may have been of value in further enhancing adherence.

Intervention group participants were more likely to have non-fall injuries. However, these injuries were generally minor and not related to increased healthcare use. This increased incidence of non-fall injuries seems to be related to a range of factors including the location of the incident and glasses worn at the time of the injury; we will report on this in detail in a separate paper. This finding highlights the potential for unintended consequences after any alteration to eyewear in older people either through a direct hazard or altered risk behaviour.

Strengths and limitations of study
----------------------------------

The strengths of our study are its broad generalisability, high diary completion rates, small non-differential losses to follow-up, realistic adherence assumptions, and plausible pre-planned subgroup analyses. We acknowledge, however, that the study has certain limitations. As outlined in the flow diagram (figure[](#fig1){ref-type="fig"}), 357 people declined participation after initially expressing an interest in taking part for reasons such as that they realised that participation did not necessarily result in provision of free glasses, they considered 12 months' follow-up too long to commit to, or they thought that switching between two pairs of glasses needed too much effort. This would suggest a bias towards volunteers with heightened interest (and commitment) to the intervention. We were also unable to provide new glasses to all intervention group participants within the planned one month of randomisation, which may have caused an underestimation of the effect of the intervention. Thirdly, many of our results rely on the subgroup analysis using Adelaide activities profile outdoor activity items. The validity of this assessment is supported by separate analyses, which showed that Adelaide activities profile subtotals correlated with amount of self reported outdoor walking (P\<0.001). Fourthly, we did not ascertain to what extent transferring the cost of purchasing additional glasses would reduce adoption of this intervention. Finally, we acknowledge that, as the single lens glasses provided to the intervention group participants were tinted, the resulting improved contrast sensitivity may have been an additional factor in the reduction in falls, especially for people with early cataracts and in the Australian sun.[@ref20]

Policy and practice implications
--------------------------------

On the basis of our findings and previous publications,[@ref4] [@ref8] [@ref9] [@ref11] the following recommendations for the prescription of multifocal glasses for older people can be made. Firstly, for older people who have minimal correctable distance refractive error, multifocal glasses should be avoided. This group need only reading glasses for near vision that can be removed when walking. Current owners of multifocal glasses with minimal correctable distance refractive error should also remove these glasses when walking outdoors. Secondly, older people with considerable correctable distance refractive error who take part in frequent outdoor activities should use single lens distance glasses when outdoors and in other unfamiliar settings. To assist this, single lens glasses should be provided for outside use when a person is prescribed his or her first pair of multifocal glasses. Thirdly, older regular wearers of multifocal glasses with considerable correctable distance refractive error who take part in little outdoor activity should use multifocal glasses for most activities (rather than using multiple pairs of glasses). Fourthly, in terms of fall risk, insufficient evidence exists to recommend one type of multifocal glasses over another. Finally, any change in prescription for distance components of either multifocal or single vision glasses should be conservative.[@ref11]

Conclusions
-----------

These findings suggest that, with appropriate assessment and counselling, the provision of single lens glasses for older people who take part in regular outdoor activities is a simple and effective falls prevention strategy. However, given that our study and the trial by Cumming et al showed increases in outdoor falls in some participants, clinicians should be conservative in eyewear prescription, particularly in frail older people who do not often leave their homes.[@ref11]

### What is already known on this topic

1.  Multifocal glasses impair avoidance of obstacles and increase the risk of falls in older people

### What this study adds

1.  Provision of single lens glasses significantly reduced falls in older wearers of multifocal glasses who take part in regular outside activities

2.  Older people who infrequently take part in regular outdoor activities may not benefit from this intervention

3.  An increase in non-fall related injuries was associated with the intervention
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